Abstract -The Social Brain (or Social Intelligence) hypothesis is a very influential theory that ties brain size and, by extension, cognitive ability to the demands of obligate and intense sociality. Initially developed to explain primate brain size evolution, the Social Brain hypothesis has since been applied to a diverse array of other social taxa, both mammalian and avian; its origins as a primate-based hypothesis (especially as articulated by Humphrey, 1976) , however, mean that it retains a heavily anthropocentric tinge. This colors the way in which other species are viewed, and their cognitive abilities tested, despite fundamental differences in many aspects of bodily morphology, brain anatomy and behavior. The delphinids are a case in point and, in this review, we demonstrate how the anthropocentric origins of the Social Brain hypothesis have pushed us toward a view of the delphinids as a species of ‗aquatic ape'. We suggest that a more ecological, embodied/embedded, view of dolphin behavior and psychology undercuts such a view, and will provide a more satisfactory assessment of the natural intelligence the delphinids display.
Tracing the history of ideas, scientific or otherwise, is always interesting, and the social intelligence hypothesis is no exception. This may cause your heart to sink already; after all, the history and development of this particular idea has been presented many times before (e.g., Byrne & Whiten, 1988; Whiten & Byrne 1997; Cheney & Seyfarth, 2008; Dunbar, 1998; Shultz & Dunbar, 2007) . In the context of our specific aim here, however, we consider a historical perspective to be crucial because, in our view at least, one of the key papers in the field -Humphrey's (1976) -The social function of intellect‖ -set things on a particular trajectory that, ultimately, has been somewhat self-defeating. More specifically, Humphrey defined and conceptualized social intelligence in heavily anthropocentric terms, the legacy of which is still felt today. This has hampered our attempts to understand why sociality is linked to enlarged brain size across a broad range of taxa, including the taxonomic order of cetaceans, and in particular, the delphinids and sperm whales.
In what follows, we do not attempt to make a case for the social intelligence of primates and cetaceans. This has been done elsewhere (e.g., Dunbar & Shultz 2007; Silk 2007; Cheney & Seyfarth 1990 Rendell & Whitehead 2001; Wells 2003; Marino et al. 2008; Whitehead & Lusseau, 2012) . Instead, we highlight certain theoretical and conceptual issues that suggest why the social intelligence hypothesis needs some tweaking, and why this move will give cetaceans (and other non-primate species) their due with respect to understanding how and why their way of encountering the world gives rise to flexible, adaptive behavior.
Barking up the wrong tree?
At first glance, the suggestion that Humphrey's initial thoughts on social intelligence and the brain have hampered our subsequent research efforts may seem outrageous given the proliferation of papers over the last 15-20 years, especially those by Robin Dunbar, who presented the first quantitative analyses testing the -Social Brain hypothesis‖ (e.g., Dunbar 1992 Dunbar , 1993 Dunbar , 1995 Dunbar , 1998 Dunbar & Bever, 1998; Dunbar & Shultz, 2007a ,b, 2010 Kudo & Dunbar, 2001; Shultz & Dunbar, 2007a ,b, 2010 Sutcliffe, Dunbar, Binder, & Arrow, 2012 ; see also work by, Brothers, 1990; Brothers & Ring, 1993; Barton, 1996 Barton, , 1998 Reader & Laland, 2002; Lefebvre, Reader, & Sol, 2004) . Not only has a robust relationship been found between primate sociality and the size of the neocortex, but other taxa also show a relationship between brain size and sociality, suggesting that the effect is general and not exclusive to the primates (see Dunbar & Shultz, 2007a ,b for reviews; Shultz & Dunbar, 2010) . The nature of the relationship in other terrestrial taxa, however, is often distinctively different to that among the primates, with pair-bonding emerging as the key correlate of enlarged brain size (Dunbar & Shultz, 2007a,b) . This has led to a reconfiguring of the social intelligence/social brain hypothesis to accommodate these findings. Testing for a relationship between group size and relative brain size (specifically the size of the neocortex) among the primates was predicated on the assumption that tracking a large number of dyadic relationships in a permanent social group generated a significant cognitive burden. This quantitative demand was accompanied by a qualitative component whereby animals were assumed to have a conceptual understanding of triadic relationships and abstract social bonds (Dunbar, 1998) . The discovery that pair-bonded species have the largest relative brain sizes in ungulates and birds has reversed the interpretation so that it is primarily the quality of relationships, and not their quantity, that is important (Dunbar & Shultz, 2007a ,b, 2010 . McLean, Barrickman, Johnson, and Wall (2009) have recently shown, however, that there is no relationship between pair-bonding and brain size among the lemurs, suggesting that the significance of pair-bonding may not be generalized across all taxa. Dunbar and Shultz (2007a,b) argue that the high costs of choosing a poor quality mate and the need for close behavioral coordination account for the cognitive burden of pair-bonding. For primates, the finding that both pair-bonded and other kinds of mating system are associated with larger brain size is suggested to occur because primates have generalized the intense nature of pair-bonds across all group members. Consequently, the challenge now is to discover whether the mate choice decisions of pairbonded species require greater cognitive skills compared to other species, and to test whether close behavioral coordination requires complex cognitive strategies as opposed to, say, hormonally-mediated behavioral strategies (e.g., Insel & Young, 2000) or the kinds of simple rules of thumb that characterize the complex feats of coordination shown by bird flocks and fish schools (e.g., Ballerini et al., 2008) .
There are also alternative suggestions that need to be factored in: one argument is that cooperative breeding, rather than pair-bonding per se, has selected for greater cognitive abilities among certain groups of primates, particularly the callitrichids (Burkart & van Schaik, 2010; Snowdon, 2001) and that this may also apply to members of the canid family (Burkart & van Schaik, 2010); like MacLean et al.'s (2009) lemur work, this research suggests that ‗social intelligence' may not be all of a piece, even within the primate order. Similarly, Hrdy (2009) has argued that cooperative breeding helps explain the cognitive differences between humans and great apes. A final, related, challenge is to show that evolutionary increases in the size of those parts of the brain that have multiple functions can be traced causally to sociality in the manner suggested (Healy & Rowe, 2007 ; see also Healy & Rowe, 2013 for a related argument concerning causality in brain size evolution).
In other words, although the social intelligence hypothesis has departed radically from its earliest beginnings (as most hypotheses do), the notion that sociality requires a specific form of complex cognitive assessment, and that this is underpinned by enlarged brain size, has remained at its core. There is also the assumption that the same factor (pair bonding) can explain the brain size-sociality relationship across all species (or, at least, there is very little explicit recognition in most analyses that a species' evolutionary history, ecology and morphology have a role to play). The result is that, as currently conceived, the social brain/social intelligence hypothesis argues that pair-bonding must be more cognitively complex than we have supposed, and the fault lies with our inadequate understanding of the nature of ‗bonds' and not with the central hypothesis itself (Dunbar & Shultz, 2007b .
Why history matters
It is at this point that an assessment of history comes in handy, for our argument is that, while the early papers of Chance and Mead (1953) and Jolly (1966) were concerned specifically with the reasons why non-human primates would need big brains, Humphrey's (1976) paper is significantly more anthropocentric in nature, and more focused on the specific form of ‗intellect' for which sociality would select. Humphrey's argument is framed such that selection is argued to have produced a particular kind of complex cognitive architecture, underpinned by large brains, and one that is reflective of some distinctively primate (if not utterly human) concerns. This, in turn, has led to the inconsistencies and problematic elements recently identified by, most notably, Healy and Rowe (2007) and Holekamp (2007) .
We should be clear that a number of Humphrey's (1976) arguments are made in the same vein as the earlier papers by Chance and Mead (1953) and Jolly (1966) . Humphrey (1976) notes, for example, that socially housed monkeys do not lack for intellectual stimulation because social life is inherently stimulating. He then combines this with his observations that mountain gorillas do not seem to experience ecological challenges any greater than those experienced by less neurally well endowed species, leading to the conclusion that the selective pressure to enlarge brain size must indeed have come from the social domain. More specifically, Humphrey (1976) argues that primates need to be -social gamesmen‖ (p.309), akin to human chess players; in order to thrive, they need both to preserve the group's overall structure while simultaneously -exploiting and out-manoeuvring others‖ (p. 309). All primates need, therefore, to be -calculating beings,‖ capable of a -special form of forward planning‖ (p.309). This allows them to predict what another animal is likely to do and ensure that one's own goals are not thwarted by the actions of another. In such a situation, Humphrey argues, -‗social skill' goes hand in hand with intellect‖ (p.309). Humphrey characterizes this kind of intellect as ‗creative' in contra-distinction to ‗practical' intelligence, such as that needed to forage efficiently and successfully. Indeed, he argues that, provided the right kind of social background is in place, the practical skills needed to subsist effectively can be learned by simple associative processes. It is the social world alone that generates the pressure to evolve a more ‗creative' form of intelligence. In this way, a large brain becomes equated with a particular kind of complex, cognitive skill: namely, the ability to make a prospective assessment of another's future actions which, even though not stated explicitly, is essentially the ability to construct ‗detached' representations of the world (i.e., those not tied to an immediately present stimulus: see , Gärdenfors 1995) . In other words, in order to respond to the dynamic contingencies generated by other animate beings, primates require a specific psychological insight into the minds and actions of other animals.
More strongly anthropocentric arguments follow from this, as Humphrey (1976) goes on to suggest that these socio-cognitive skills emerged within the context of a stable society that functioned as a kind of -polytechnic school‖ (p.310). In such a context, youngsters would be freed from the demands of taking care of themselves, and so could -explore and experiment‖ (p.310). In addition, via contact with older more experienced individuals, they could learn by imitation all that they needed to function in society. In these passages, Humphrey keeps things fairly loose, and it is not always clear whether he is referring to all primate species, just some of them, or humans alone (as, for example, when he suggests that young can learn -in some cases, from more formal lessons,‖ p.310). It should be apparent, however, that the picture painted by Humphrey bears a much closer resemblance to human society than monkey or ape societies (let alone those of other species). Indeed, it often seems to be simply a picture of human society projected back in time.
Another telling detail is when Humphrey notes that, if animals were to spend large amounts of the day engaged in creative but nonetheless ‖unproductive‖ (p.311) socializing, this would require that, when they did finally get down to the business of productively feeding themselves, the technological advances provided by an improved intelligence would need to be sufficiently well developed to compensate. Following this reasoning, he then notes that -the open sea is an environment where technical knowledge can bring little benefit and thus complex societies -and high intelligence -are contra-indicated (dolphins and whales provide, maybe, a remarkable and unexplained exception)‖ (p.311, italics added).
Once again, the anthropocentric bias is clear (why else would the complex societies and apparent intelligence of dolphins and whales be considered both ‗remarkable' and ‗unexplained'?) and there is no sense that social relations may, in fact, represent a highly productive way to solve one's ecological problems (as made abundantly clear by Dunbar & Shultz, 2007a,b ; see also Reader & Laland, 2002 ; for cetaceans, Rendell & Whitehead, 2001) . For example, the delphinids, which are all highly social, require skills relating to the ability to hunt, secure prey, and avoid predation and other dangers. Mothers take care of their young for protracted periods of time, and in several matriarchal societies, female offspring remain with their mothers (and aunts and half-aunts, etc.) for many years (reviewed by Gowans, Würsig, & Karczmarski, 2008; Wells, Boness, & Rathbun, 1999) . This is so especially for those that eat squid far below the surface (including the non-delphinid sperm whale, Physeter macrocephalus), and we surmise that feeding on this energy-poor food at depth needs special skills that are learned by young over the years. Those that corral prey show high degrees of coordination, apparent cooperation, and engage in bonding rituals that seem necessary for securing prey (Vaughn, Würsig, Shelton, Timm & Watson 2008; Würsig & Würsig, 1980) . Similar sophistication is indicated in avoiding sharks and killer whales (Weller, 2009 provides an overview), and in mating rituals, but we know less here (Gowans et al., 2008) . In other words, and as Sterelny (2007) has suggested, there are likely to be synergies between ecological and social factors that explain why certain species show greater behavioral flexibility than others, and have undergone evolutionary increases in brain size. Humphrey's argument only makes sense in the context of his explicitly anthropocentric project, which is to explain increased brain size in the primates, and humans in particular; this becomes clearest in the final third of his paper, when he deals with the way in which the ‗misplaced' application of our social intelligence may underlie some of humans' other intellectual achievements in other domains.
We should make clear that we are not saying there is something wrong with Humphrey's writings on this issue -it is quite obviously presented as a hypothesis to be tested, not as a statement of fact -but Humphrey's ideas have colored the way in which the theory subsequently developed. This was no doubt aided and abetted by the publication by Premack and Woodruff's (1978) classic -Does the chimpanzee have theory of mind?‖: a paper that similarly took an explicitly anthropocentric perspective to the question of primate psychology. Together, these papers helped set the stage for the emergence of the -Machiavellian Intelligence Hypothesis‖ (Byrne & Whiten, 1988) . The use of the word -Machiavellian‖ was not intended to imply that social life was all about deceit, manipulation and self-serving plotting and planning to out-wit the competition (although Humphrey certainly emphasized these skills), but rather that success in social life was achieved by having an insight into what made other animals tick and exploiting that knowledge accordingly. Being able to function well in society meant understanding the psychological processes that underpinned behavior, rather than simply taking things at face value. Social life, in other words, was really about what went on in the head, and the attempt to manipulate the contents of another animal's head to one's own advantage.
Although subsequent work revealed that monkeys, at least, were not capable of the kinds of -mindreading‖ skills proposed initially (Cheney & Seyfarth, 1990 ) (and the data on great apes is very much open to debate, see Vonk & Povinelli, 2006; Tomasello, Call, & Hare, 2003) , the idea that social life is complex because animals needs to track certain abstract conceptual qualities-specifically, the nature of social bonds between animals, whether their own or those of others-has persisted (e.g., Bergman, Beehner, Cheney, & Seyfarth, 2003; Cheney & Seyfarth, 2008; Seyfarth & Cheney, 2013; Silk, 2007) . This, in turn, has continued to fuel the assumption (still not fully tested) that large brains indicate the possession of greater intelligence, and more specifically, a particular kind of cognitive architecture designed to perform a complex social calculus based on some form of relationship tracking (Healy & Rowe, 2007) . Finally, we suggest that it has promoted a form of -yardstick science,‖ where Humphrey's anthropocentric ideas of what social intelligence consists in have been extended and then applied to other species, such as the cetaceans, corvids and hyenas, whose level of social intelligence is assessed by how well they measure up to a particular set of primate-biased criteria.
Why delphinids are neither 'naked' nor 'aquatic apes'
This problem is particularly acute when we consider comparisons between primates and members of the cetacean order, particularly the delphinids. While the use of simple one-to-one comparisons between the social systems, brain size and social skills of different taxa is acceptable as a first pass at testing the social intelligence/social brain hypothesis, ultimately, it will not be satisfactory precisely because there is no principled reason to expect that aquatic mammals, whose lives are very different in so very many ways, should map onto a terrestrial, mammalian, largely primate-oriented pattern.
A recent, and ongoing, controversy in the cetacean literature helps to illustrate this point. Manger (2006) put forward the claim that the cetacean brain was not designed for complex cognition, but was instead a -thermogenic‖ organ, an adaptation to cold temperatures. In order to advance his hypothesis, Manger (2006) presented an extended critique of studies of cetacean brain size evolution and cognition, as well as claiming positive evidence for the relation between brain size and the temperature range in which species were found. While a number of Manger's claims and data do not stand up to close scrutiny (Marino et al., 2008) , and his dismissal of cetacean intelligence was extreme (see also Manger, 2013) , his hypothesis has the virtue of treating cetaceans as cetaceans -as a taxon distinctively different in many ways from the primates. Cetaceans are large aquatic mammals, many of which are pursuit predators. Their lives are different in many ways from those of primates, notwithstanding certain similarities with respect to sociality. Their brains are structured differently, reflecting the manner in which selection has acted on their sensory and motor systems. In particular, the odontocetes use sonar, and thus perceive the world differently from the visually oriented primates. Their ears are so well-adapted to life underwater that they can detect and locate even subtle sounds in a very noisy milieu. In addition, cetaceans do not have hands, and cannot manipulate the world like a primate, and certain means of exploiting and exploring their environments are thus precluded. Is it reasonable to suppose that these facts make so little difference to how these animals deal with the ecological and social challenges they face?
If we leave aside Manger's specific criticisms of work in cetacean cognition, recently revisited in a second paper (Manger, 2013) , the most notable aspect-and this is something that is also apparent in Marino et al.'s (2008) response to Manger (2006) -is how anthropocentric (or at least -primatocentric‖) most of the work on cetacean cognition has been. It is this, perhaps, that lies at the heart of Manger's (2006 Manger's ( , 2013 criticism: by focusing on the convergent nature of cetacean and ape cognition, cetacean quiddity (i.e., its inherent nature) is almost completely neglected. One could argue, then, that Manger's positive contribution is to correct this imbalance (see also Rauch, 2001 for a similar point about the ‗reluctance' to deal with cetaceans in these ‗pragmatic' terms).
Consider vocal communication. As Manger (2006) rightly points out, the constraints of living in an aquatic habitat limit the possibilities for communication in the visual modality: their streamlined bodies are homogenous, they have no limbs, and their facial musculature does not permit the formation of facial expressions. Olfaction is similarly limited due to the lack of an olfactory bulb in odontocetes and its atrophied nature in mysticetes. The vocal channel is the one that affords most possibility for communication and it is therefore no surprise that it is the most highly developed. Whether its sophistication is indicative of high-level referential and symbolic understanding is more open to debate. Manger's (2006) view is that it indicates nothing of the sort, a stance challenged fiercely by Marino et al. (2008) . The point we want to emphasize here, however, is that claims for the sophistication of cetacean vocal communication have been made by explicit reference to its similarity to human language (even though it is recognized that it does not itself constitute true language, e.g., or the nature of the supporting cognitive structures, which are similarly anthropocentric and centre on symbolic understanding (e.g., Herman, Pack, & Woods, 1994; . Similar claims have been made for primate vocalizations, of course, and this is not a criticism of such studies per se. Rather, our point is to highlight how the case for dolphin social intelligence has frequently hinged on its similarity to ape social intelligence, which itself is hinged on a human standard of social intelligence, with tests for mirror self-recognition (Reiss & Marino, 2001 ), language and symbolic comprehension (e.g., Herman et al. 1984 Herman et al. , 1990 Herman et al. , 1994 Herman et al. , 2001 , understanding of human pointing and head gaze (e.g., Pack & Herman, 2007) , imitation and the cultural transmission of behavior (e.g., Deecke, Ford, & Spong, 2000) , teaching (Guinet & Bouvier, 1995) and tool use (Krützen et al., 2005) .
Manger (2013) subjects all such studies to an extended critique, arguing that the evidence is either (a) inadequate to support such a claim for these skills as indicative of high-level cognitive skills, or (b) that such capacities are wide-spread in the animal kingdom, and hence cannot be used to account for any unique cetacean increase in cognitive capacity. No doubt these new claims will also be contested, but to continue the debate in this vein, we would argue, misses the point. In our view, this anthropocentric focus is really more of a wasted opportunity than a claim for skills that cetaceans do not possess.
What do we mean by this? Let us consider again the highly sophisticated echolocation of the delphinids and the sperm whales (Au, 1993 (Au, , 2009 . Largely from work with bottlenose dolphins, we know that they can detect and process even slight differences in size and densities of objects. Behavioral observations indicate that dolphins may acoustically -see‖ into each other's bodies, and the implications of such a different sensory modality have not been seriously explored (Au, 1993) . In other words, the idea that smiles are frozen and that gestures are limited may mean very little, as echolocation -buzzes‖ directed at each other may allow the animals to pick up relevant information about others (e.g., identifying one that has recently fed from one whose stomach is currently empty) and to signify certain emotional states (Brownlee & Norris, 1994) in ways that have no simple and direct analogue to visual signaling. In this regard, it is interesting that the only recent reference to such abilities we found was a story widely circulated on a variety of internet news sites that suggested that -Dolphins may detect pregnancy in women using echolocation‖ (Huffington Post, July 11 2013; http://www.huffingtonpost.com/2013/07/11/dolphins-may-detect-pregnancy_n_3581991.html).
Once again it seems the abilities of these creatures, as remarkable as they are, are deemed interesting only to the extent that we can find a way to relate them to our specifically human concerns… As with the primate work, a historical perspective helps to put the anthropocentric focus of cetacean research into perspective: that is, a comparison of skills, such as the understanding of referential gestures, is perfectly valid in the context of the social intelligence hypothesis as initially formulated and subsequently developed. Indeed, one could go further and argue that the investigation of these capacities in cetaceans actually represents an effort to undermine Humphrey's (1976) anthropocentric focus, via the demonstration that particular skills deemed crucial to the evolution of intellect in the primate order are found in other species. Even if this argument is made, however, our point remains valid because it is clear that any such research effort remains, at base, an endeavor in which human-like skills are taken as the yardstick.
Again, we can consider Manger's (2006 Manger's ( , 2013 criticisms as a case in point. His argument with respect to the dolphin brain is based, at least in part, on differences between the structure of the cetacean cortex compared with that of primates. His assumption, then, is that primate-like cognition depends on a primate-like cortical structure. As the dolphin cortex is so different from that of the primates, the similarity in their cognition is, according to Manger (2006) , an illusion based on the over-interpretation of an inadequate experimental research base. As Kirsh, Güntürkün, and Rose (2008) have shown for avian species, however, very different kinds of brains can converge on similar kinds of cognitive abilities. That is, bird brains are also structured very differently from those of primates, but many corvids possess certain skills, like episodic-like memory, that are also found in humans; thus, there is no logical force to this kind of ‗primate cortex is special' argument. Having said this, one can also see that the ‗cortex is special' supposition arises precisely because the social intelligence hypothesis has been anchored to a specific suite of skills thought to be highly characteristic of human and primate intelligence. In turn, these have been tied to particular brain regions with little rigorous testing of whether particular brain regions underpin the specific skills suggested (Healy & Rowe, 2007) . One could be forgiven for inferring that, as a result, primate-like intelligence must be tied to the specific structure of the primate brain (and for all we know, this may well be true in some important primate-specific ways, although we have no solid empirical grounds for accepting this as yet).
It is also the case that, as already mentioned, many of the tests presented to dolphins lack ecological validity and show little sensitivity to the animals' evolved anatomy and the niche they occupy; again, one could be forgiven for inferring that the specific aim of such studies has been to show the convergence of primate-like intelligence in another taxa, as opposed to tackling the issue of how cetacean brains give rise to any distinctively cetacean forms of cognition (indeed, one doesn't always have to infer this: Marino (2002) , for example, is explicit about the convergence between primate and cetacean intelligence butand again to highlight our main point-the skills emphasized include the very human-like traits of -artificial ‗language' comprehension and self-recognition‖). We can put this another way: even if we accept that cetaceans are capable of all the cognitive feats on which they have been tested, does this really give us an insight into what is distinctive about cetacean social intelligence? Can a research program that ignores the nature of a species' body and the ecological niche it occupies truly give an insight into the forms that natural social intelligence can take? We would suggest not.
We can also frame our point like this: Delphinid cetaceans (and probably at least several other species of the odontocete suborder, sperm whales, monodonts, and perhaps some beaked whales) are highly social creatures with large and well-developed brains. All odontocetes are carnivorous (in the general -meat-eating‖ sense as opposed to herbivory or omnivory), and none are batch-feeding strainers or sievers like most of the mysticetes (with gray whales, Eschrichtius robustus, being the only "grazers", on in-benthic worms and such). This means that none are grazers or browsers such as the ungulates, and all must -work for‖ -find, hunt, corral, secure, and ingest -their generally highly active prey. Many open ocean delphinids, however, occur in huge schools or groups (up to several thousand individuals) that seem to act like grazers, such as wildebeest (Connochaetes spp.) or caribou (Rangifer tarandus). They are constantly on the move, perhaps to outrun their more stationary predators, to avoid radically reducing their prey in a particular area, or both. Yet, within this basic school structure, there is evidence for longterm bonds between kin (for example, pilot whales, Globicephala spp., Amos, Schlötterer, & Tautz, 1993; Kasuya & Marsh, 1984) and non-kin (dusky dolphins, Lagenorhynchus obscurus, Markowitz, 2004) . We imagine that long-term learning, the existence of social bonds, and individual knowledge of others within specific sub-groups exists within these large herds. We also know that at least in some cases, tight foraging coordination takes place. In this sense, dolphins can be large-herd -grazers,‖ small group hunters (wild dogs come to mind), and tight long-term social parties (apes and perhaps some other primates) at one and the same time (Gowans et al., 2008) . This means that there is no clear analogue or neat comparison to be made here with a particular terrestrial taxon and-as should be apparent from our own attempts to do so-trying to generate such comparisons leads to an inappropriate pigeon-holing of cetaceans into terrestrial terms that we grasp more intuitively. The challenge, then, is to resist such simplification and attempt to tackle delphinid sociality and its cognitive consequences on its own terms.
Questioning the social intelligence hypothesis -one species at a time
A similar dissatisfaction with the social intelligence hypothesis has been articulated by Holekamp (2007) . This discussion was focused on its application to carnivores, noting that, inter alia, the social intelligence hypothesis fails to capture the precise mixture of constraints and abilities that characterize the behavior of spotted hyenas, nor can it explain, why, for example, bears are so much more behaviorally flexible than other carnivores despite their more solitary nature (see also Holekamp, Swanson, & Van Meter, 2013 for further discussion of developmental constraints on behavioral flexibility within the hyenas).
As we have suggested above, the source of this dissatisfaction may lie in the failure of the social intelligence hypothesis to recognize that sociality is likely to interact in synergistic (and possibly antergistic: Holekamp et al., 2013) fashion with ecological factors specific to a given taxon. Holekamp et al. (2013) argue, for example, that bite-force, and hence jaw musculature, places inherent limits on brain size expansion among the hyaenids. Another reason is that, by assuming social intelligence is ‗all in the head' and that complex behavior is underpinned by complex cognitive operations, the ‗embodied, embedded' nature of natural cognition goes unrecognized (Barrett, 2009 (Barrett, , 2011 Barrett & Henzi, 2005; Barrett, Henzi, & Rendall, 2007) . Failing to recognize that the ways in which an animal perceives and acts in the world are part and parcel of its cognitive capacities leads to a kind of inappropriate ‗functionalism' or ‗multiple realizability' (Searle, 1990) , where all that matters are the abstract conceptual states to which sociality gives rise, and not the actual means by which animals engage with each other, and encounter the world around them. As we note above, appreciating that sonar is likely to afford cetaceans a different array of social and ecological opportunities compared to the mobile, colorful faces and grasping hands of monkeys, or the enlarged clitoris and robust jaws of spotted hyenas, may allow us to refine and extend the social intelligence hypothesis in ways that truly move it beyond its anthropocentric origins.
Getting our bearings
Let us pause to recap briefly. Current conceptions of social intelligence rest on the assumption that large brains house complex cognitive architectures, which in turn is based on heavily anthropocentric assumptions that such architectures are designed to deal with the difficulty of tracking abstract relationships with others across time within complex social groups. As such, current conceptions of social intelligence fail to recognize that other selective factors are likely to have a differential impact (or no impact at all) on different taxa, and they ignore the potential offered by alternative positions that consider cognition to be -extensive,‖ and which include both the body and environment as part of the cognitive system (e.g., Barrett, 2011 , Chemero, 2009 , Hutto & Myin, 2013 . A positive solution to these problems is needed, and Holekamp (2007) lays out what she feels is needed to get things back on track.
One key issue she identifies is the need to make the social intelligence hypothesis more specific: how exactly do differences in social structure and inter-individual relations translate into differences in cognitive demands on, and the competencies of, the animals in question? This, in turn, requires that we get a better handle on what constitutes social complexity and how to measure it consistently and objectively. This is not a trivial issue because, as we have seen, part of the reasoning behind what makes a group complex is what the animal itself brings to the table as a ‗calculating being.' Finding oneself among other similarly calculating beings sets in motion a ratchet that gradually increases the overall level of intelligence in the population because animals become trapped in a never-ending spiral of cognitive strategy and counter-strategy.
This raises problems of potential circularity, however, as Gigerenzer (1997) has pointed out: primate groups are argued to be complex because the animals that live in them are complex, but primates are argued to be complex animals because they live in complex groups. As should be apparent, this argument is not only circular, but it also begs the question with respect to social complexity. Indeed, in the primate literature, there is neither clear definition nor measure of social complexity, and again, circularity persists in the attempts to identify it. Lehman and Dunbar (2009) , for example, correlate brain size and neocortex ratio with various social network metrics on the assumption that significant correlations enable the identification of complex network structures, despite the fact that the measures of complexity identified in this way are not then independent of brain size and so, strictly speaking, cannot be used to test the social brain hypothesis. These somewhat nebulous, primate-centric notions of social complexity are then applied to other taxa in ways that become self-reinforcing: whatever form of social structure is identified as a correlate of large brain size must, by definition, be cognitively demanding because the animals' enlarged brains demonstrate this is the case. In addition to more fully recognizing the embodied and situated nature of cognition, a taxon-neutral means of quantifying social complexity is required if we are to further the development of the social intelligence hypothesis in ways that allow it to be applied across species as diverse as the primates and cetaceans in a fair and unbiased manner. Although we fully admit we have no clear answer to this problem at present, we offer some suggestions that might be worth considering.
Our inspiration here comes from work not on primates or cetaceans, or even hyenas, but from rats (Pellis & Pellis, 2009 ); in particular, recent work on the manner in which play-fighting influences brain development (Bell, 2008; Bell, Pellis, & Kolb, 2010) . Part of the importance of this work lies in its emphasis on how, first and foremost, it is behavior that shapes the brain, rather than vice versa. Neuronal development (e.g., the complexity of dendritic arbors) of the orbito-frontal cortex (OFC) was found to be influenced by the number of social partners experienced during development, but was not influenced by the experience of play as such. In contrast, young rats raised with peers (who engage in frequent play) show differences in the development of the medial pre-frontal cortex compared to young rats raised only with adults (who do not engage in play to the same extent, if at all), i.e., the PFC is influenced by the experience of play specifically, and not just social interaction per se (Bell, 2008; Bell et al., 2010) . This work suggests that OFC development is sensitive to the number of partners present, while the PFC development is sensitive to the identity of those partners in terms of the different types of physical interactions undertaken with them. Together, these areas are linked to the production of appropriate behaviors in specific social contexts.
These findings are intriguing because they suggest a way in which social complexity potentially can be deconstructed. First, there is the quantitative component of the number of different partners encountered. To put it crudely, OFC development is linked to the ways in which the presence of a number of different individuals affords certain kinds of social interactions that are unavailable to animals raised with greater or smaller number of social partners. Second, each category of partner (in the rat case, peers versus adults) affords qualitatively different kinds of actions and experiences. Again, crudely speaking, the PFC development is linked to the ability to generate appropriate behaviors with particular categories of partner. Hence, the greater number of different categories of potential partner present, and the greater number of individuals within each category, the greater the demands placed on an animal in terms of producing appropriate behavior, and by extension, the more behavioral flexibility one should expect to see in a group of a particular structure and size (see also Freeberg, Dunbar & Ord 2012 ). This does not necessarily entail ‗complexity' in the formal mathematical sense in which the term is often used, but it does present animals with a complicated social environment, and we can measure and assess this kind of complexity in a number of ways.
This may not, at first blush, seem all that different from the qualitative-quantitative characterization suggested by Dunbar (1998; Dunbar & Shultz, 2007) ; but unlike Dunbar (1998) and Humphrey (1976) before him, our proposal does not posit the need to monitor abstract relations nor does it suggest that we have to develop a particular conceptualization of what it means to have a ‗bond' with another individual. Instead, it deals with the concrete, observable affordances (i.e., the possibilities for action) that animals offer each other (Barrett, 2011; Barrett & Rendall, 2010; Gibson, 1979) . As such, it places the emphasis on contingent responses to immediate social opportunities (as opposed to prospective assessment in the abstract). As an added bonus, this view regards developmental processes, and more specifically, epigenesis, as the key to producing an animal capable of flexible, contingent behavior.
To be fair, Humphrey (1976) also suggests that groups composed of different generations will be more complex, but, of course, he frames this in terms of the inherent conflict of interests that this generates, and the consequent need to exploit and out-maneuver others. The suggestion here differs by positing simply that a variety of partners, which afford a variety of different interactions, will produce a situation sufficiently complex in itself to require a certain degree of behavioral plasticity. If we add to the mix how the value of different partners varies as a function of their reproductive status, changes in rank, health, and ecological factors such as season of the year, then the degree of complexity in the ‗biological marketplace' can be assessed quantitatively not only across species, but also within species, and populations within species, over time (Barrett & Henzi, 2006; Noë, 2006) .
There is an additional component we can add here that may give us further purchase on what it means for a grouping to be considered complex. This is the notion of ‗frustration.' Consider a group of three individuals involved in a kind of ‗love triangle': A and B both engage with C, but do not engage with each other. This kind of network is -frustrated;‖ the links are not reciprocal (A. Cavagna, personal communication, August 2007.) . The degree to which a social network can be considered complex therefore rests on the degree to which frustration of this kind exists. The notion of frustration thus captures the way in which preferences and affordances may vary across individuals across time, and hence brings in the dynamic nature of social interaction that Humphrey (1976) , Jolly (1966) , and Chance and Mead (1953) identified as key to differentiating group-living from more solitary forms of existence and from mere gregariousness.
Patterns and attractor states
An emphasis on the need for animals to respond contingently to the opportunities and possibilities for action offered by other individuals whose availability varies in both space and time is, as argued elsewhere (Barrett, 2011; Barrett et al., 2007; Barrett & Rendall, 2010) , a viewpoint that suggests that social understanding can be considered as a form of non-analytic pattern-recognition, that is best modeled and understood as embodied in the patterns of activation of neuronal units linked in distributed networks (Clark, 1993) , rather than as some form of logical, syntactically-organized computation. The social world is clearly structured in ways that powerful associative learning principles can exploit. Specifically, the juxtaposition of particular individuals with particular behaviors with particular contexts can form the basis for an association matrix from which individuals can distill higher-order associations that enable them to respond appropriately to novel situations. Landauer and Dumais (1997) , for example, have shown precisely how this kind of process (singular value decomposition followed by dimension reduction) can produce neural networks that comprehend written text, starting from only an association matrix of experienced words and the contexts in which they occurred. (This -latent semantic analysis‖ approach has also been applied to the song lyrics of The Beatles, tracing how John Lennon's, Paul McCartney's, and George Harrison's lyrical style and subject matter changed over the course of their career together, as well as identifying who exerted the most influence on whom: Petrie, Pennebaker, & Sivertsen, 2008) . If such non-symbolic non-analytic processes can produce text comprehension, i.e., the archetypal example of cognition-as-computation, involving symbol manipulation according to a set of rules, it does not seem so outrageous to suggest that the ‗calculus' of social life can be dealt with in this non-analytical fashion. Indeed, Lusseau (2003) sheds light on the power of social network analysis to explore these issues; established networks can adjust and restructure following the removal of particular individuals in ways that ensure network integrity persists through time. Further work by Lusseau, using baboon data, has similarly shown that perturbations in network structure lead individuals to adjust their behavior in ways that restores the -certainty‖ of the network, i.e., the degree to which behavioral interactions are predictable and regulated (Barrett, Henzi & Lusseau, 2012) . This suggests that statistical structure picked up via social network analysis may also be ‗visible' to the animals themselves in ways that allow them to respond and adjust to any disruption of the network. Lusseau (2007) further suggests that, in the case of delphinids, it is the formation of mixed-sex schools with sophisticated social structure that allows for the -democratic‖ sharing of information and the formation of group decisions, again implying that animals may be sensitive to certain kinds of statistical information that structure their everyday social interactions. Rendall (2004) has also suggested that this kind of mechanistic explanation can explain why kin recognition in primates appears to be based purely on familiarity, rather than more specialized mechanisms such as phenotype matching. Since neural networks require experience for their operation, they have the flexibility needed to cope with changes in cue features over time (as naturally happens as individuals develop and age) that other more deterministic mechanisms lack. The experiential plasticity of neural networks also allows a continuous updating of social signals, which can therefore account for why animals are so proficient at the perceptual tracking of changing social cues (Rendall, 2004) . This kind of flexible, experientially-informed pattern-recognition may, we suggest, go beyond kin recognition, and form the basis for much of social cognition in non-linguistic animals (Barrett, 2009; Barrett et al., 2007; Barrett & Rendall, 2010) ; it may also help us to explain patterns of innovation and social learning, as documented by Laland (2002, 2003) .
Interestingly, from our perspective, with its emphasis on cognition as flexible action in the world, rather than on cognitive processes of a more propositional variety, computational neuroscience has shown that formal neural networks often give rise to emergent properties that were not explicitly programmed by their designers (Carpenter & Grossberg, 1988; Grossberg, 1987 Grossberg, , 1988 Hopfield, 1982) . Most relevant here are attractor states. Put very crudely, these are networks of interconnected neurons that can show a stable pattern of activity in the absence of any direct outside stimulation (Cossart, Aranov, & Yuste, 2003; Fuster, 2003; Hopfield, 1982) . Such states are possible because the connections between neurons are of sufficient strength that the activation of any sub-set is sufficient to keep the pattern as a whole going (Grossberg, 1987 (Grossberg, , 1988 . Attractor states also show -basins of attraction,‖ wherein sets of similar, but not identical, activity patterns are recognized by the system as being equivalent, and can therefore transform the network into an attractor state (Grossberg, 1987 (Grossberg, , 1988 . Similarly, Kohonen (1984) argued that selforganization in the cortex according to Hebbian principles of repeated stimulation for energizing synaptic plasticity can produce associative memory networks, such that perception and recognition becomes a process of pattern completion, where part of a memory could activate the entire network and all of its associated components. Making sense of an external event therefore occurs when sensory input can trigger the formation of relevant attractor states (adaptive resonance theory (ART) : Carpenter & Grossberg, 2010) . Since attractors can be distributed over widely distributed cortical areas, input from different sensory modalities could be combined in a single attractor state, and the fact that they are emergent means that they could be tuned to an animal's specific encounters with other individuals (and other objects in the world). Thus, over time, individuals would accumulate a variety of latent patternrecognizing attractor states, which would enable quick decisions to be made, and solutions to be found, to a wide range of problems. This is crucial from a social cognition perspective because deciding what to do next is the main problem facing individuals in the social world, and such decisions must be made quickly, because other individuals are also making decisions and acting in contingent ways, as all social intelligence theorists have noted (Barrett et al., 2007; Byrne & Whiten, 1988; Chance & Mead, 1953; Dunbar, 1998; Humphrey, 1976; Jolly, 1966) . Knowing what to do next, then, is also a process of pattern recognition and completion, and may explain why animals often act appropriately, despite never having been taught a particular contingency or encountered a specific situation-behaviors that Rumbaugh and Washburn (2003) refer to, appropriately enough, as -emergents.‖ At present, we do not know how the kinds of attractor states identified in computational neuroscience map onto real brains. In addition, this suggestion is no doubt vulnerable to some of the criticisms put forward by Healy and Rowe (2007) (although it does answer their question as to why more neural tissue per se should be considered an advantage). Nevertheless, the emergence of attractor states over time fits neatly with findings from the primate literature; in particular, those showing that social learning and socialisation appear to be crucial in development for normal adult functioning (e.g., Pellis & Pellis, 2009; Suomi & Harlow, 1975) , and why different social mileus and developmental backgrounds can influence the degree to which individuals are socially skilled as adults (e.g., Strum, 1982 Strum, , 1994 .
This kind of pattern-recognition model can also explain why more behavioral variety and flexibility in response is found in those species with large forebrains, such as in primates, delphinids, corvids and elephants, because this presumably allows for the emergence and accumulation of more or larger or more widely distributed pattern-recognizing networks and attractor states. It also helps explain the patterns of correlated evolution in the cerebellum and neocortex, given that the skills needed are those required to produce adaptive, dynamic action in an unpredictable world, rather than to simply produce abstract constructs of that world (Barton, 2012) . This may also explain why, in their careful analysis of primate brain size variation, Deaner, Barton, and van Schaik (2003) found that brain size was significantly related only to lifespan and not to any other ecological, social or life-history variable. While such relationships have been characterized merely as the lifting of constraints on brain size evolution (one needs to live longer to spend time growing a large brain: Dunbar & Shultz, 2007b) , one can also see how a longer lifespan could itself drive selection for larger brain size if more and larger attractor states are needed to cope with the higher levels of variability in terms of both ecological factors and social factors that are likely to be experienced: an argument that bears comparison with the ‗cognitive buffering' hypothesis (Sol, 2009 ; see also Ricklefs & Wikelski, 2002) . After all, as argued elsewhere (Barrett et al., 2007; Rendall, Notman, & Vokey, 2008) , the data to be explained are the large amounts of neural tissue that characterize creatures such as the primates and cetaceans, and large, highly interconnected pattern-recognizing attractor states require a lot of neural tissue to implement. Long-lived animals may need more neural tissue because they need a larger number and variety of attractor states that enable them to respond flexibly to novel conjunctions of events.
This suggestion also resonates with the findings relating to ‗culture' among cetaceans and ape species (Rendell & Whitehead, 2001; Whiten et al., 1999) . While the attribution of culture to cetaceans in particular remains controversial (as the commentaries on Rendell and Whitehead's (2001) paper reveal, largely due to different definitions of what counts as "cultural"), from the point of view of the present discussion, this is irrelevant. What matters is how these findings speak to the flexibility of behavior shown both between and within populations of cetacean species, and their ability to respond to novel affordances in an interesting and flexible fashion. This point becomes even more pertinent if we consider the role that niche construction (Odling-Smee, Laland, & Feldman, 2003) may play in both primate and cetacean society, where the animals' own actions in the environment can change the nature of the selection pressures that impinge upon them. If some of the variability in an animal's socioecological environment is produced by its own actions, or it inherits an ecology transformed by others, one can see how large brains that permit niche-constructing actions would then -select for themselves‖, in the kind of ratchet mechanism envisaged by Humphrey (1976) .
Within the broader context of niche construction, Sterelny (2004) has also written of how animals may ‗epistemically engineer' their environments, so transforming the informational context in which they operate. Long-range contact calls or songs, for example, allow animals to monitor the position of other individuals in space by making it easy to localize their position, and these kinds of vocal dialects and traditions are extremely well developed in some cetaceans (e.g., Deecke et al. 2000; Ford, 1991; Yurk, Barrett-Lennard, Ford, & Matkin, 2002) . Similarly, the suggestion that, by dispersing seeds along particular travel paths, spider and woolly monkeys could help transform the structure of tropical forests, so constructing their own ecological niche, and also epistemically engineering their environment by making it easier to locate and remember route foraging routes fits beautifully with these ideas (Di Fiore & Suarez, 2007) .
Attending to the precise ways that animals act in the world and what their actions afford to themselves and others helps to create a better understanding of how they create and structure their worlds in ‗intelligent' ways; ways that don't necessarily require wholly internal brain-based cognitive strategies, but where the structure of their bodies and the environment can bear some of that cognitive load (Barrett, 2011; Barrett et al,. 2007; Clark, 1997 Clark, , 2008 . This, perhaps, is also what Rendell and Whitehead (2001) were getting at when they argued that more attention should be paid to cetacean ‗cognition in the wild' as opposed to a focus on laboratory experimentation. By definition, laboratory experiments need to control the environment in ways that can isolate the phenomenon of interest. If, however, the phenomenon of interest is one that is scaffolded and supported by a particular environmental context, then we may fail to identify its true nature and perpetuate the idea that cognition is always and entirely in the head; a view that is increasingly undermined by work in evolutionary robotics and artificial life (Brooks, 1999; Pfeifer & Bongard, 2007; Pfeifer & Scheier, 1999) . We are not, of course, the first people to suggest this, and there exists a small but vibrant literature that tackles issues of behavioral flexibility from this more relational, embodied, and less cognitivist point of view (e.g., Forster, 2002; Herzing, 2006; Johnson, 2010; King, 2004; King, 2005; Russon, 2006; ) .
Embodied, affective action in the world
We conclude by offering one example of how a more embodied approach can be employed, by describing the manner in which different species use similar kinds of behavioral coordination during coalition formation (where two or more animals jointly direct aggression against a third). In both monkeys and dolphins, this behavior is characterized by close bodily synchrony and coordination between partners. Among baboons, for example, female coalitions (which are very rare occurrences) involve the participants standing shoulder-to-shoulder and advancing on the target of their aggression in tight formation (Henzi & Barrett, 2007) . Capuchin monkeys also show this kind of close bodily contact, but they orient themselves vertically, one on top of the other (known as an ‗overlord') so as to present a column of threatening faces toward their target (e.g., Perry, Barrett, & Manson, 2004) . In similar fashion, dolphin males surface and swim together in an equally coordinated fashion during aggressive coalitions (Connor, Smolker, & Bejder, 2007) . Such tight behavioral coordination may serve to signal solidarity among the coalition partners, and is no doubt a more intense and threatening stimulus to the target. It is, as Rendall (1997, 2001) argue, a form of ‗affect induction,' where actions are designed to influence directly a target's nervous/physiological systems, rather than as a means of ‗communicating' information about the likelihood of attack, or the nature of the relationship that exists between coalition partners. As importantly, such behavioral coordination can be seen as a form of affect induction for the participants: close bodily contact during an aggressive encounter may well serve to keep coalition partners' stress at lower levels, despite high arousal and the stressful nature of the situation. In doing so, it may reduce the costs of such aggression for participants, especially relative to those of the target, who lacks any such form of -contact comfort.‖ Affect induction is, by definition, an embodied perspective on how animals regulate their own behavior and that of others: it focuses on physical actions and engagement with the world, and considers physiological responses produced in the body as part and parcel of an animal's cognitive response. As such, it provides us with a way out of the anthropocentric bind in which comparative studies of social intelligence are situated currently.
An understanding of manner in which the perception of others, and an animal's own actions, afford a particular kind of interaction and induce a particular kind of affect, and how this influences the subsequent sequencing and patterning of behavior (in both the short-and long-term) provides us with the means for comparing species in a fair manner. Identifying and investigating how cognitive processes have their basis in bodily-situated engagement with the physical and social worlds that they inhabit may hold the key to understanding the kinds of complex worlds that primates and cetaceans potentially create for themselves.
Conclusion
Our take-home message is that reconfiguring the social intelligence hypothesis by placing greater emphasis on what animals actually do when they act socially, and the variability and flexibility of their behavior, rather than inferences regarding the nature of their complex internal representations, will lead automatically to a more embodied, more ecological approach that allows a given species to ‗speak with its own voice.' It is an approach that can identify true commonalities among taxa in their natural behavior, rather than the artificial commonalities produced by laboratory or field tests for qualities like mirror selfrecognition or symbolic comprehension. This isn't to denigrate the work that has been done in these areas, especially as it helps confound any suggestion that humans are unique with respect to certain kinds of complex and interesting behaviors. Its anthropocentric origins do need to be acknowledged, however: a species shouldn't be judged solely on its ability to pass tests that, in the main, stem from our desire to know whether other species share similar cognitive skills to our own.
